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M 300

RECEIVE A FIRST REFERENCE SIGNAL TRANSMITTED
FROM A FIRST ANTENNA PORT

302

RECEIVE ASSISTANCE INFORMATION INDICATING A
RECEIVED TIMING OR FREQUENCY OFFSET OF A
SECOND REFERENCE SIGNAL RELATIVE TO THE

FIRST REFERENCE SIGNAL, WHEREIN THE SECOND

REFERENCE SIGNAL IS TRANSMITTED FROM A
SECOND ANTENNA PORT THAT IS QUASI CO-
LOCATED WITH THE FIRST ANTENNA PORT

304

CONFIGURE A RECEIVER TIMING OR FREQUENCY
OFFSET AT THE WIRELESS DEVICE FOR RECEPTION
OF THE SECOND REFERENCE SIGNAL, ACCORDING

TO THE ASSISTANCE INFORMATION, AND
RECEIVE THE SECOND REFERENCE SIGNAL
ACCORDING TO THE CONFIGURED RECEIVER TIMING

OR FREQUENCY OFFSET

306

FIG. 3
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RECEIVE FROM NETWORK:
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2) QUASI CO-LOCATED (QL)
PORTS (CRS OR PSS OR SSS)

3) QL PORTS TRANSMITTED.ON
LEGACY OR NEW CARRIER
402

QL PORTS
ALREADY SYNCED?
404

NO

YES ESTIMATE PARAMETERS OF QL
PORTS THEN DERIVE ESTIMATES
ON CSI-RS PORTS USING QL PORTS

AS REFERENCE AND RECEIVED
TIME/FREQ. OFFSET RANGES

PERFORM PARAMETER 408

ESTIMATION ON CSI-RS PORTS
DIRECTLY, USING RECEIVED TIME/

FREQ. OFFSET RANGES
406

FIG.
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RECEIVE FROM NETWORK:
1) CSI-RS RESOURCE
2) QUASI CO-LOCATED (QL)
PORTS (CRS OR PSS OR SSS)
3) QL PORTS TRANSMITTED ON

LEGACY OR NEW CARRIER
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OF PSS/SSS
5) BW OF REDUCED CRS

502
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FIG. 5
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e 700

DETERMINE (FOR A WIRELESS DEVICE) A RECEIVED
TIMING OR FREQUENCY OFFSET RELATING
A SECOND REFERENCE SIGNAL TO A FIRST
REFERENCE SIGNAL, WHERE THE FIRST REFERENCE
SIGNAL IS TRANSMITTED FROM A FIRST ANTENNA
PORT AND THE SECOND REFERENCE SIGNAL IS
TRANSMITTED FROM A SECOND ANTENNA PORT
THAT IS QUASI CO-LOCATED WITH THE FIRST
ANTENNA PORT

102

GENERATE ASSISTANCE INFORMATION INDICATING
THE RECEIVED TIMING OR FREQUENCY OFFSET FOR
THE SECOND REFERENCE SIGNAL
704

TRANSMIT THE ASSISTANCE INFORMATION TO THE
WIRELESS DEVICE
706

FIG. 7
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e 800

SIGNAL TO THE WIRELESS DEVICE:
1) CSI-RS RESOURCE
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802
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804
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METHOD AND APPARATUS FOR
REFERENCE SIGNAL TRANSMISSION AND
RECEPTION

TECHNICAL FIELD

The present invention generally relates to wireless commu-
nication networks and particularly relates to reference signals
associated with antenna ports 1n such networks.

BACKGROUND

Ongoing specification work by the Third Generation Part-
nership Project, 3GPP, includes, among other things, a focus
on 1mproving support for heterogeneous network operations
and other multi-point scenarios, such as Coordinated Multi-
Point, CoMP networks. As will be appreciated by those
skilled 1n the art, Long Term Evolution, LTE, networks use
Orthogonal Frequency Division Multiplexing, OFDM, 1n the
downlink and Discrete Fourier Transform, DFT, spread
OFDM 1n the uplink.

An OFDM carrier comprises a plurality of spaced-apart
narrowband carriers, often referred to as subcarriers, each of
which can be individually modulated 1n each OFDM symbol
interval. Each subcarrier within a given OFDM symbol time
thus represents a “resource element” and the overall OFDM
carrier thus can be seen as a time-frequency grid of individual
resource elements. More particularly, each resource element
corresponds to one subcarrier during one OFDM symbol
interval on a particular “antenna port” of a transmitting base
station. Here, an antenna port 1s defined such that the channel
over which a symbol on the antenna port 1s conveyed can be
inferred from the channel over which another symbol on the
same antenna port 1s conveyed. There 1s one OFDM resource
orid per antenna port.

LTE “broadcasts” control messages to user equipments,
UEs, using the Physical Downlink Control Channel or
PDCCH. PDCCH transmissions occur in the first one to four
OFDM symbol intervals in each OFDM subirame, where
there are ten OFDM subirames per OFDM frame. OFDM
frames are ten milliseconds long, hence each subirame spans
one millisecond and includes two slots of one-half millisec-
ond per slot. In LTE, the subiframe represents one Transmis-
sion Time Interval or TTI, and 1s the unit of scheduling. Cell
specific Reference Signals or CRS are transmitted across the
OFDM bandwidth and allow UEs to perform channel estima-
tion for PDCCH reception, regardless of their location rela-
tive to the antenna port(s) used for PDCCH/CRS transmis-
S101S.

More recently, LTE has been extended to include
“enhanced” control channels, such as the enhanced PDCCH,
which 1s referred to as the EPDCCH or the ePDCCH. These
enhanced control channels are UE-specific and demodulation
of them at the targeted UEs relies on the use of UE-specific
Demodulation Reference Symbols or DMRS, which are
transmitted from the same antenna port, or, more generally,
the same transmission point as used for transmitting the ePD-
CCH for a given UE. By transmitting DMRS from the indi-
vidual transmission points used for transmitting user-specific
control information, the targeted UEs are able to estimate the
channel with respect to those individual transmission points.
DMRS also serve the same purpose for multi-point data trans-
missions, such as used in CoMP.

In more detail, CoMP transmission techniques introduce
dependencies 1n the scheduling or transmission/reception
among different transmission points, 1n contrast to conven-
tional cellular systems where a point from a scheduling point
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ol view 1s operated more or less independently from the other
points. DL CoMP operations may include, e.g., serving a
certamn UE from multiple points, either at different time
istances or for a given subirame, on overlapping or not
overlapping parts of the spectrum. Dynamic switching
between transmission points serving a certain UE 1s often
termed as DPS (dynamic point selection). Simultaneously
serving a UE from multiple points on overlapping resources 1s
often termed as JT (joint transmission). The point selection
may be based, e.g., on mstantaneous conditions of the chan-
nels, interference or traific. CoMP operations are intended,
for example, for data channel transmissions, such as on the
Physical Downlink Shared Channel, PDSCH, used in LTE
and/or control channel transmissions, such user-specific
ePDCCH transmissions in LTE.

The mtroduction of user-specific DMRS complicates
channel estimation and corresponding signal reception 1n, the
UEs, as mdividual UEs must perform channel estimation
using a potentially smaller set of DMRS, which by their
nature are not as dense or numerous within the OFDM grid as
CRS or other common reference signals. As a further com-
plication, further revisions of LTE or other evolving network
standards may introduce new carrier types, which may not
carry all or the same reference signals as the currently defined
carrier types. For example, a new carrier type may replace the
CRS with a “reduced” CRS port that i1s transmitted with
reduced periodicity in time and with a reduced bandwidth.
The bandwidth of the reduced CRS port may also be config-
urable. In another example, a new carrier 1s transmitted in
synchronization with a legacy carrier, 1n a carrier-aggregated
mode. In this synchronized carrier case, the new carrier may
not transmit the Primary and Secondary Synchronization Sig-
nals, PSS and CSS, and/or the CRS, which are provided 1n the
legacy carrier for use by UEs 1n synchronizing with the legacy
carrier and making corresponding channel estimates.

Broadly, whether in CoMP or other network arrangements,
different reference signals may be transmitted from different
antenna ports and those ports may be geographically sepa-
rated. Geographical separation of ports implies that instanta-
neous channel coellicients from each port towards a given
wireless device are in general different. Furthermore, even the
statistical properties of the channels for different antenna
ports and different reference signal types may be significantly
different. Examples of such statistical properties include the
received power for each port, the delay spread, the Doppler
spread, the recetved timing (1.¢., the timing of the first signifi-
cant channel tap), the number of significant channel taps, the
frequency shiit.

As a general proposition in LTE, for example, a wireless
device cannot make any assumptions about the properties of
the channel corresponding to a given antenna port based on
the properties of the channel of another antenna port. This
independence 1s 1in fact a key part of maintaining transmission
transparency with respect to the wireless devices operating
within an LTE network. The wireless device, in general, thus
needs to perform an independent estimation for each refer-
ence signal port of interest, for a given transmission. But this
arrangement can result in occasionally 1inadequate channel
estimation quality for certain reference signal ports, and that
inadequacy may lead to undesirable link and system perfor-
mance degradation. For example, the network 1 question
may configure a wireless device to use CRS, DMRS, and/or
Channel State Information Reference Signals, CSI-RS, for
estimation of propagation parameters and/or for generating

link adaptation feedback, to aid the reception of other signals.

SUMMARY

In one aspect, the teachings herein disclose methods and
apparatuses for improved reference signal reception in a wire-
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less device configured for operation 1n a wireless communi-
cation network. In one embodiment, the network provides
assistance information that indicates a received timing or
frequency offset of a second reference signal relative to a first
reference signal that 1s transmitted from a first antenna port.
The second reference signal 1s transmitted by the wireless
communication network from a second antenna port that 1s
quasi co-located with the first antenna port with respect to
timing, frequency, Doppler spread and/or delay spread, and
the wireless device 1s configured to use the assistance nfor-
mation to configure 1ts recerver timing and/or frequency oil-
set for reception of the second reference signal. Such opera-
tion reduces the “‘search™ space in time and/or frequency
needed at the wireless device, thereby improving and simpli-
tying reception of the second reference signal.

An example method of reference signal reception in a
wireless device configured for operation 1n a wireless com-
munication network includes recerving a first reference signal
that 1s transmitted by the network from a {irst antenna port,
and receiving assistance information from the wireless coms-
munication network that indicates a received timing or ire-
quency oilset of a second reference signal relative to the first
reference signal. The second reference signal 1s transmitted
by the network from a second antenna port that 1s quasi
co-located with the first antenna port with respect to timing,
frequency and/or delay spread. Correspondingly, the method
includes configuring a receiver timing or frequency offset at
the wireless device for reception of the second reference
signal, according to the assistance information, and receiving
the second reference signal according to the configured
receiver timing or frequency offset.

An example wireless device includes radio circuitry con-
figured to transmit signals to the network and to receive
signals from the network, including a first reference signal
transmitted by the network from a first antenna port and a
second reference signal transmitted by the network from a
second antenna port that 1s quasi co-located with the first
antenna port. The example device further includes processing
circuitry that i1s operatively associated with a memory and
with the radio circuitry. The processing circuitry 1s configured
to perform processing operations or steps to implement the
above method, or varations of it.

On the network side, an example method of facilitating
reference signal reception by a wireless device operating 1n a
wireless communication network includes determiming a
received timing or frequency oifset relating a second refer-
ence signal to a first reference signal. Here, the first reference
signal 1s transmitted from a first antenna port in the network
and the second reference signal 1s transmitted from a second
antenna port 1n the network that 1s quasi co-located with the
first antenna port, and the method includes generating assis-
tance information indicating the received timing or frequency
offset for the second reference signal. The method continues
with transmitting the assistance information to the wireless
device, thereby enabling the wireless device to configure a
receiver timing or frequency offset used by the wireless
device for reception of the second reference signal, according
to the assistance information.

In a related example embodiment, a network node 1s con-
figured for, operation 1n a wireless communication network
and 1ncludes radio circuitry that 1s configured for sending
signals to a wireless device and receiving signals from the
wireless device, and further includes processing circuitry that
1s operatively associated with the radio circuitry. In particular,
the processing circuitry 1s configured to perform the opera-
tions or steps corresponding to the above-described network
method, or variations of that method.
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Of course, the present invention 1s not limited to the above
features and advantages. Indeed, those skilled in the art will
recognize additional features and advantages upon reading
the following detailed description, and upon viewing the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of one embodiment of a wireless
communication network that includes a network node and a
wireless device configured according to the teachings herein.

FIG. 2 1s a block diagram of one embodiment of a wireless
device that 1s configured to receive assistance information
and to use the received assistance miormation to facilitate
reception of a reference signal of interest.

FIG. 3 1s a logic flow diagram of one embodiment of a
method of reference signal reception processing at a wireless
device.

FIG. 4 15 a logic flow diagram illustrating example details
for one implementation of the method of FIG. 3.

FIG. 5 15 a logic flow diagram illustrating example details
for another implementation of the method of FIG. 3.

FIG. 6 1s a block diagram of one embodiment of a network
node that 1s configured to transmit assistance information, to
facilitate reception of a reference signal of interest by a wire-
less device.

FIG. 7 1s a logic tlow diagram 1illustrating one embodiment
ol a method of assistance information transmission by a net-
work node, to facilitate the reception of a reference signal by
a wireless device.

FIG. 8 15 a logic flow diagram 1illustrating example details
for one implementation of the method of FIG. 7.

FIGS. 9-11 illustrate the control region and enhanced con-
trol regions, as defined for the OFDM carrier used in the
downlink of a Long Term Evolution, LTE, network.

FIG. 12 illustrates an example allocation of enhanced con-

trol regions for use with the cell arrangement given in the
example of FIG. 1.

DETAILED DESCRIPTION

This disclosure recognizes that, even though in general the
channel from each antenna port to each wireless device
receiver port 1s substantially unique, some statistical proper-
ties and propagation parameters may be common or similar
among different antenna ports, depending, for example, on
whether the different antenna ports originate from the same
transmission point or not. Common properties include, for
example, the received power level for each port, the delay
spread, the Doppler spread, the received timing, 1.¢., the tim-
ing of the first significant channel tap, and the frequency shift.

This recognition 1s exploited 1n the form of improved ret-
erence signal reception at wireless devices, based on the
network 1n question providing certain assistance information
regarding “quasi co-located” antenna ports, and further based
on an appropriately-configured wireless device using the
assistance information to improve 1its reception of reference
signals from a given antenna port that 1s quasi co-located with
another antenna port. To better understand such operations,
consider that typical channel estimation algorithms perform a
three-step operation. A first step consists of the estimation of
some of the statistical properties of the channel. A second step
consists of generating an estimation {filter based on such
parameters. A third step consists of applying the estimation
filter to the received signal in order to obtain channel esti-
mates. The filter may be equivalently applied 1n the time or
frequency domain. Some channel estimator implementations
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may not be based on the three steps method described above,
but still exploit the same principles.

Accurate estimation of the filter parameters in the first step
leads to improved channel estimation. Even though 1t 1s often
in principle possible for the wireless device to obtain such
filter parameters from observation of the channel over a single
subirame and for one reference signal port, 1t 1s possible for
the wireless device to improve the filter parameter estimation
accuracy by combinming measurements associated with refer-
ence signals from more than one antenna port, at least where
those antenna ports have one or more statistical properties
that are the same or similar. Such ports are referred to herein
as being quasi co-located, to denote that they have one or
more shared or related statistical properties, irrespective of
whether they are physically co-located.

While the transparency of transmission points from the
perspective of wireless devices means that conventional wire-
less devices operating 1n conventional networks do not have
any mechanism to exploit quasi co-located ports for improved
reception ol reference signals from such ports, 1t 1s recog-
nized herein that a network has, or can be configured to have,
knowledge of which antenna ports are quasi co-located, and
turther to have knowledge of the particular relationship
between the statistical properties of one antenna port and
another. In this respect, 1t will be understood that the network
“knows” how the various antenna ports are mapped to corre-
sponding physical transmission points.

Consider the wireless communication network 10 shown
by way of non-limiting example 1n FIG. 1. The wireless
communication network 10—hereafter “network 10”—pro-
vides communication services to a potentially large plurality
of wireless devices 12, although for stmplicity only one such
device 1s 1illustrated. Typical services include communica-
tively coupling individual ones of the wireless devices 12 to
other devices within the network 10 and/or to other devices or
systems reachable 1n one or more external networks 14. As a
non-limiting example, the network 10 provides IP-based

packet connectivity to one or more external packet data net-
works.

In the depicted arrangement, the network 10 includes a
Radio Access Network, RAN, 16, and an associated Core
Network, CN, 18. These depictions are simplified to ease the
discussion. For example, the RAN 16 1s shown with a small
number of base stations 20 and corresponding cells 22. Here,
a “cell” represents a given area of radio service coverage
using a given allocation of radio resources—e.g., a particular
carrier over a particular service area within the overall cov-
crage arca of the network 10.

Although not limiting, the arrangement depicted 1n FIG. 1
1s 1nteresting, 1n that the network 10 1s shown according to a
heterogeneous network deployment, wherein one or more of
the cells 22 are “macro” cells having relatively large coverage
area, as compared to one or more other ones of the cells 22.
The smaller ones of the cells 22 often are referred to as “pico”
or “micro” cells and they can be used to overlay the larger,
macro cells to provide enhanced data rates, fill 1n coverage
gaps, etc. It will be understood that the base stations 20 used
to provide macro cell service generally will be more complex,
or at least more powertul, than the base stations 20 used to
provide micro cell service. Indeed, while the reference num-
ber “20” 1s used for all base stations 20 depicted in FIG. 1, 1t
will be appreciated that 1n heterogeneous network deploy-
ments, the base stations 20 serving micro cells may have a
different construction and/or may use ditlerent Radio Access
Technologies, RATSs, as compared to the base stations serving
macro cells.
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The base station particulars, however, are of less interest
than the fact that the example arrangement i FIG. 1 1llus-
trates that a given wireless device 12 may be served from
multiple, different transmission points. For example, in one
configuration, the cell 22 labeled “D” 1n the diagram 1s a
macro cell having an assigned Physical Cell. Identifier or PCI,
and the remaining cells “A”, “B”, and “C” share that same
identifier and thus operate more as distributed transmission
points within the larger cell “D”. Different antenna ports map
to different ones of these transmission points, and the teach-
ings herein can be used to provide assistance information to
the wireless device 12, indicating the quasi co-location rela-
tionships, 1f any, between various ones of the reference sig-
nals transmitted from the different transmission points.

Of course, these same teachings are applicable to varia-
tions of the network 10, such as where each depicted cell 22
has a unique PCI within the network 10. Further, the same
teachings apply to CoMP deployments, where dynamically
selected subsets of cells within a cluster of cells may be used
to serve the wireless device 12, and to multi-carrier arrange-
ments, such as Carrier Aggregation, CA, imnvolving a Primary
Component Carrier, PCC, and one or more Secondary Com-
ponent Carriers, SCC.

FIG. 1 alludes to all such arrangements by depicting a first
reference signal 24 and a second reference signal 26. Both
such signals may be transmitted from the same transmission
point, e.g., Ifrom the base station 20 in cell D. But the more
interesting case arises when the two reference signals 24 and
26 are not transmitted from the same transmission point. FIG.
1 1llustrates possible examples, where the wireless device 12
receives the first reference signal from cell D or cell A, and

he second reference signal 26 from cell C. In one

receives t
particular but non-limiting example, the first reference signal
comprises CRS transmitted over a macro area from the base
station 20 of cell D, while the second reference signal com-
prises CSI-RS transmitted from one of the overlay cells A, B
or C.

Now consider the example wireless device 12 shown 1n
FI1G. 2, referred to as ““the device 12.” The device 12 includes
one or more receive/transmit antennas 30, radio circuitry 32,
and processing circuitry 34, which includes, at least 1n terms
of functional processing circuitry, a channel analyzer 36 and
a channel estimator 38. The processing circuitry 34 further
includes or 1s associated with memory 40, which may com-
prise more than one type of memory.

The radio circuitry 32 1s configured to transmit signals to
the network 10 and to receive signals from the wireless com-
munication network 10, including a first reference signal 24
transmitted by the network 10 from a first antenna port and a
second reference signal 26 transmitted by the network 10
from a second antenna port that 1s quasi co-located with the
first antenna port. Correspondingly, the processing circuitry
34 1s operatively associated with the memory 40 and with the
radio circuitry 32 and 1s configured to perform a number of
operations or processing actions.

In particular, the processing circuitry 34 1s configured to
receive assistance information from the network 10 that indi-
cates a recerved timing or frequency oflfset of the second
reference signal 26 relative to the first reference signal 24, and
to configure a recerver timing or frequency offset used by the
radio circuitry 32 for reception of the second reference signal
26, according to the assistance information. Further, the pro-
cessing circultry 1s configured to receive the second reference
signal 26 via the radio circuitry 32, according to the config-
ured recerver timing or frequency oifset. Specifically, the
receiver may adjust the oscillator frequency in the device by
the frequency oifset amount indicated by the network to
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receive the second reference signal and estimate parameters
based on 1t. Alternately, the recerver may use the same oscil-
lator frequency that 1s used for recerwving the first reference
signal but perform a phase rotation of the received samples 1n
baseband before receving the second reference signal and
estimating parameters. For timing, the recetver may adjust the
placement of its search window for recerving the second
reference signal using the mformation from the network so
that the number of multipath components from the second
reference signal that can be captured within the search win-
dow are maximized. In one sense, then, the processing cir-
cuitry 34 can be understood as improving its reception of the
second reference signal 26 by using the added knowledge
gained via the assistance information to reduce the search
space 1n time and/or frequency used for detecting and recerv-
ing the second reference signal. Such operation eliminates or
reduces “blind detection” of the second reference signal 26 by
the device 12.

In an example case, the second reference signal 26 com-
prises CSI-RS that are transmitted from the second antenna
port. In the same or another example, the first reference signal
24 comprises one of CRS, a Primary Synchronization Signal,
PSS, or a Secondary Synchronization Signal, SSS. Further, 1n
at least some embodiments, the wireless device 12 1s config-
ured to receive the first reference signal 24 on a first carrier
and rece1ve the second reference signal 26 on a second carrier
that 1s different than the first carrier.

The assistance information from the network 10 includes,
for example, a timing range value or a frequency range value.
Correspondingly, the processing circuitry 34 1s configured to
configure the recerver timing or frequency offset at the device
12 according to the assistance information, by using the tim-
ing range value to dimension a search window for detection of
the second reference signal 26, around the received timing of
the first reference signal 24, or by using the frequency range
value to dimension frequency detection of the second refer-
ence signal 26, around the received frequency of the first
reference signal 24.

In one example, the assistance information indicates any
one or more of the following: the received timing of the
second reference signal 26 1n terms of the first significant
channel tap associated with the second reference signal 26
and/or the number of significant channel taps associated with
the second reference signal 26; and a frequency shiit relating
the first and second reference signals 24 and 26.

In a further example, the secondary reference signal com-
prises CSI-RS and 1s transmitted on a carrier that includes one
or more of CRS, a PSS, and an SSS. Advantageously, the
network 10 may be configured to send an indication of this
scenari1o to the device 12, and the processing circuitry 34 1n
such an embodiment 1s configured respond to such indication
by selecting at the wireless device 12 any one or more of the
CRS, PSS and SSS as the first reference signal 24, for use 1n
relating the assistance information to the CSI-RS.

In another example, the second reference signal 26 com-
prises CSI-RS that 1s transmitted on a second carrier that lacks
a PSS or SSS or CRS. The network 10 1s configured to send an
indication of this scenario to the device 12 and, advanta-
geously, the processing circuitry 34 1s configured to respond
to such 1ndication by selecting at the device 12 a reference
signal from a first carrier that 1s aggregated with the second
carrier and 1s known or assumed by the wireless device 12 to
be synchronized with the second carrier. Such an assumption
1s made by the device 12 when timing and frequency oifset 1s
not explicitly included 1n the recerved assistance information.

The method 300 depicted 1n FIG. 3 provides an outline of
example processing at the device 12. Although the 1llustration
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may suggest a particular ordering of processing actions or
steps, 1t will be understood that one or more processing opera-
tions may be performed 1n a different order than suggested, or
performed 1n parallel, or performed along with other device
processing. Further, 1t should be understood that the method
300 may be repeated as needed, e.g., based on mobility
events, the receipt ol new assistance information, etc., and

L ] it il

may be applied to different pairings of reference signals. Still
turther, the method 300 and other flow charts and/or process-
ing diagrams illustrated herein may be implemented 1n hard-
ware and/or software. For example, programmable circuitry,
such as a general purpose computer or processor, may be
configured via execution of a computer program, soltware, or
firmware tangibly embodied in a computer-readable storage
medium.

With these points 1n mind, the example method 300
includes receiving (Block 302) a first reference signal 24 that
1s transmitted by the network 10 from a first antenna port. The
method 300 further includes recerving (Block 304) assistance
information from the network 10 that indicates a recerved
timing or {frequency offset of a second reference signal 26
relative to the first reference signal 24. Here, the second
reference signal 26 1s transmitted by the network 10 from a
second antenna port that 1s quasi co-located with the first
antenna port, with respect to timing, frequency, delay spread
and/or Doppler spread. Thus, the method 300 further includes
configuring (Block 306) a receiver timing or frequency offset
at the wireless device 12 for reception of the second reference
signal 26, according to the assistance information, and recerv-
ing the second reference signal 26 according to the configured
receiver timing or frequency oifset. The measured delay
spread on the first reference signal can be used along with the
timing offset to determine the search window for the second
reception signal so that the number of multipath components
captured within i1t 1s maximized. Similarly, the measured
Doppler spread on the first reference signal can be used along
with the frequency oilset to determine a search window in
frequency that maximizes the energy received from the sec-
ond reference signal. The frequency offset would indicate the
location of the midpoint of this search window 1n frequency
for the second reterence signal compared to the first reference
signal and the measured Doppler spread on the first reference
signal would determine the width of the search window
around this midpoint.

FIG. 4 1llustrates an example extension or variation of the

method 300, which for convenience of discussion 1s denomi-
nated as “method 400.” The method 400 includes the device
12 recerving (Block 402) CSI-RS, recetving quasi co-located
port mnformation, and receiving an indication as to whether
the quasi co-located ports are on a legacy or new carrier. In
this context, CSI-RS are transmitted to the device 12 from one
or more “CSI-RS” ports, and the device 12 1s provided with
information indicating that one or more other ports, e.g., ports
used for CRS, PSS, SSS transmission are quasi co-located
with the CSI-RS port(s), and 1s provided with the timing
and/or frequency oifset information quantifying that relation-
ship.
If the quas1 co-located ports are already synchronized
(Y ES from Block 404), processing continues with perform-
ing (Block 406) parameter estimation on the CSI-RS port(s)
directly, using the recerved timing and/or frequency offset
information, which may include offset range information.
Otherwise, processing continues (NO from Block 404) with
estimating (Block 408) the parameters of the quasi co-located
ports, and then dertving estimates for the CSI-RS ports, using
the quasi co-located ports as a reference with respect to the
received assistance mformation.
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FIG. 5 represents another extension or variation of the
method 300, as method 500. Here, the device 12 receives
(Block 502) CSI-RS as one reference signal, and recerves
PSS, SSS and/or CRS and one or more other reference signals
transmitted from one or more ports that are quasi co-located
with the port(s) used to transmit the CSI-RS. The device 12
turther recetves indications of whether the quasi co-located

ports are transmitted on a legacy or new carrier, an indication
about the presence or absence of PSS/SSS/CRS and/or

whether CRS on the carrier used for transmission of the
CSI-RS of interest are reduced bandwidth CRS.

If the CSI-RS are transmitted on a new carrier and PSS/
SSS/CRS are absent and/or CRS on the new carrier are
reduced bandwidth (YES from Block 504) and/or the net-
work indicates that the quasi co-located ports are not trans-
mitted on the new carrier, processing continues with using
(Block 506) the quasi co-located ports on an associated
legacy carrier as the reference for using the assistance data to
aid reception of the CSI-RS on the new carrier. Conversely,
the NO path from Block 504 includes using (Block 508) the
quasi co-located ports on the new carrier—i.¢., on the same
carrier as used for transmission of the CSI-RS at 1ssue.

Turning now to network-side aspects of the teachings
herein, FIG. 6 illustrates an example base station 20, which 1s
referred to here as a “network node 20” or simply “node 20.”
Here, the node 20 includes one or more receive/transmit
antennas 50, radio circuitry 52, processing circuitry 54, which
includes or 1s associated with a network interface 56, e.g.,
towards the CN 18, and memory 60. As with the processing
circuitry 34 of the device 12, the processing circuitry 34 of the
node 20 may comprise one or more microprocessor-based
circuits, DSPs, FPGA, ASICs, and/or other digital processing
circuitry.

The radio circuitry 352 1s configured for sending signals to
wireless devices 12 and for recerving signals from such
devices. The processing circuitry 54 1s operatively associated
with the radio circuitry 52 and the memory 60, and 1s config-
ured to determine a recerved timing or frequency oflset relat-
ing a second reference signal 26 to a first reference signal 24,
where the first reference signal 24 1s transmitted from a first
antenna port i the network 10 and the second reference
signal 26 1s transmitted from a second antenna port in the
network 10 that 1s quasi co-located with the first antenna port.
The processing circuitry 54 1s further configured to generate
assistance mformation indicating the received timing or fre-
quency oilset, and to transmit the assistance information to
the wireless device 12, thereby enabling the wireless device
12 to configure a recerver timing or frequency ofiset used by
the wireless device 12 for reception of the second reference
signal 26, according to the assistance information.

In an example case, the second reference signal 26 com-
prises CSI-RS. The processing circuitry 54 is configured to
transmit, via the radio circuitry 52, an indication when the
CSI-RS are transmitted on a carrier that includes one or more
of CRS, a PSS, and an SSS. Here, “when” means “for the case
that. . ..” In such a case, the indication can trigger the device
12 to use the received timing and/or frequency oflset infor-
mation to relate the CSI-RS to the CRS, PSS or SSS as
received on the same carrier.

In another example, the second reference signal 26 com-
prises CSI-RS and the processing circuitry 54 1s configured to
transmit via the radio circuitry 52 an indication when the
CSI-RS are transmitted on a second carrier that does not
include a PSS or SSS but where the second carrier 1s aggre-
gated and synchromized with a first carrier that is used for
transmission of the first reference signal 24. In such a case, the
indication can trigger the device 12 to use the recerved timing
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and/or frequency oilset information to relate the CSI-RS to
the CRS, PSS or SSS as received on the first carrier.

FIG. 7 1llustrates amethod 700 that may be implemented 1n
the node 20, for example. Although the illustration may sug-
gest a particular ordering of processing actions or steps, 1t will
be understood that one or more processing operations may be
performed 1n a different order than suggested, or performed in
parallel, or performed along with other device processing.
Further, 1t should be understood that the method 700 may be
repeated as needed, e.g., based on mobility events, changes in
the relevant assistance information, etc., and may be applied
to different pairings of reference signals and/or to multiple
devices 12.

The method 700 facilitates reference signal reception by a
wireless device 12 operating 1n the network 10 and 1t includes
determining (Block 702) a recerved timing or frequency oil-
set relating a second reference signal 26 to a first reference
signal 24, where the first reference signal 24 1s transmitted
from a first antenna port 1n the network 10 and the second
reference signal 26 1s transmitted from a second antenna port
in the network 10 that 1s quasi co-located with the first
antenna port. The method 700 further includes generating
(Block 704) assistance information indicating the received
timing or frequency oifset for the second reference signal 26,
and transmitting (Block 706) the assistance information to the
device 12, thereby enabling the device 12 to configure a
receiver timing or frequency oifset used by the device 12 for
reception of the second reference signal 26, according to the
assistance information.

FIG. 8 illustrates an example implementation of the
method 700, or a variation thereof, and 1s denominated as

“method 800~ for ease of discussion. The method 800
includes signaling (Block 802) to a device 12 CSI-RS
resources, and quasi co-located port information, €.g., infor-
mation indicating whether the quasi co-located ports are on a
legacy ornew carrier. For example, a CSI-RS port that1s quasi
co-located with one or more other ports may be associated
with a new carrier. If the quasi co-located ports are on a new
carrier (YES from Block 804), processing continues with
signaling (Block 806) the quasi1 co-located ports and assis-

tance information, the presence/absence of PSS/SSS on the
new carrier and/or whether CRS on the new carrier are
reduced bandwidth. Conversely, the NO processing path from
Block 804 includes signaling (Block 808) the quasi co-lo-
cated ports and the assistance information, e.g., time/ire-
quency olfset information. Such information may comprise
or include mnformation indicating time and/or frequency oil-
set ranges.

From the above examples and corresponding embodiment
descriptions, it will be appreciated that the teachings herein
enable wireless devices 12, such as user equipments 1n an
LTE network, to obtain quasi co-location information that
relates to one or more antenna ports, where such information
may be sent using downlink signaling, and where such infor-
mation enables, among other things, improved channel esti-
mation in the wireless devices 12.

A given device 12 may exploit such assistance information
to perform joint, or partly joint, channel estimation for at least
some of the channels with similar properties. Stated differ-
ently, assistance information indicates which antenna ports
may be assumed by the device 12 to have one or more related
properties. That 1s, the UE may be signaled that 1t 1s allowed
to assume that reference signals on some antenna ports may
be used to assist 1n the channel estimation of a channel for
another antenna port. Such signaling may take place over
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radio resource control, RRC, signaling and/or may be carried
by, e.g., signaling grants in Downlink Control Information,
DCI.

According to at least some embodiments, the assistance
information includes, e.g., information associated with which
ports may be used to infer information about which other
ports and the degree of differences in the Delay or Doppler
profile between such ports. In at least one embodiment, when
a device 12 1s configured to estimate the channel associated
with a CSI-RS resource 1n order to perform measurements or
provide feedback, the device 12 may assume that CSI-RS are
quasi co-located with another reference signal port, with
respect to at least some long term signal properties such as
receive timing and frequency.

The other reference signal port may be a CRS signal or
some combination of the PSS, SSS and CRS. The device 12
can be signaled information indicating the relationship
between the receive timing of the CSI-RS and one or more of
the quasi co-located ports such as the CRS, PSS and S55. The
device 12 also may be informed that the receive timing for the
CSI-RS 1s within a given range of the reference timing for a
quasi co-located port. The range may be indicated as an offset
less than or equal to T seconds from the reference timing of
the quasi co-located port. The quasi co-located port could be
the CRS and/or the PSS/SSS. The offset may be signaled in
terms of a time unit such as seconds or in terms of a number
of symbols, slots or subframes.

The device 12 may also be configured to estimate the
channel associated with a CSI-RS resource transmitted on a
new carrier type, on which the same reference signal ports as
legacy carriers may not exist. The new carrier may or may not
be transmitted 1n a carrier-aggregated mode along with a
legacy carrier. When 1t 1s transmitted 1n carrier-aggregated
mode, the new carrier may or may not be synchromzed with
the associated legacy carrier that 1t 1s aggregated with. When
the new carrier 1s transmitted standalone or 1n carrier-aggre-
gated but unsynchromized mode, 1t will carry a reduced CRS
port, PSS and SSS. However, the positions of the PSS/SSS
may vary from that of the legacy carrier. When the new carrier
1s transmitted i synchronized carrier-aggregated mode, 1t
may not carry any PSS/SSS and/or reduced CRS port.

Thus, 1n some embodiments, the network 10 1s configured
to signal a wireless device 12, indicating that the carrier on
which CSI-RS resource for the device 12 are transmitted 1s a
new carrier type, and further indicating whether the new
carrier includes PSS/SSS and/or reduced bandwidth CRS. If
the new carrier uses reduced CRS, then the network 10 may
also signal the bandwidth of the reduced CRS port. As belore,
the assistance information may indicate the relationship
between the receive timing and/or frequency of the CSI-RS
and one or more of the CRS, PSS and SSS. The relationship
may take the form of a range with reference to the timing and
frequency of those signals within which the timing and fre-
quency of the CSI-RS lies. The range may be indicated as an
offset less than or equal to T seconds from the reference
timing of the port(s) that are quasi co-located with the CSI-RS
port(s). The quasi co-located port(s) could be the ports used
for CRS and/or the PSS/SSS. The offset may be signaled 1n
terms of a time unit such as seconds or 1n terms of a number
of symbols, slots or subiframes.

In an example case, when the device 12 recerves signaling,
from the network 10 that indicates that the carrier on which 1ts
CSI-RS resources are transmitted 1s a new carrier and that the
PSS/SSS and reduced CRS port are present on the carrier, the
device 12 uses the reduced CRS port and/or the PSS/SSS as a
retference. Conversely, when the device 12 1s signaled that the
carrier on which 1ts CSI-RS resources are transmitted 1s a new
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carrier and that the PSS/SSS are absent on that carrier, the
device 12 infers that the new carrier 1s transmitted 1n a syn-
chronized carrier-aggregated mode with a legacy carrier. The
device 12 then uses the CRS, PSS and/or SSS of the associ-
ated legacy carrier for deriving reference timing and fre-
quency, to aid 1n estimation based on the CSI-RS.

In another example, the device 12 1n one or more embodi-
ments receives information regarding the CRS/PSS/SSS
ports that are quasi co-located with the CSI-RS of interest,
and 1t 1s configured to determine whether it 1s already syn-
chronized in time and frequency to the quasi co-located ports.
If 1t 1s already synchronized to the quasi co-located ports, 1t
then directly estimates the-timing and frequency of the CSI-
RS resource and then performs channel estimation on 1t. If 1t
1s not already synchronized, it first estimates the timing and
frequency of the quasi co-located ports and then uses 1t as a
reference to then dertve the timing and frequency of the
CSI-RS port of interest.

The foregoing embodiments provide various advantages
and benefits. For example, various embodiments ensure
improved channel estimation by enabling joint channel
parameters estimation for CSI-RS when 1t 1s applicable. Fur-
thermore, these embodiments allow the device 12 to perform
the necessary estimation steps with reduced complexity.
Some other specific advantages include but are not limited to
these 1tems: the device 12 may exploit the quasi co-located
ports for improving estimation of the channel associated to
CSI-RS, by exploiting the quasi co-location assumptions; the
device 12 may avoid blindly detecting the CSI-RS 1n cases
where the CSI-RS 1s associated with a legacy carrier or new
carrier type; the device 12 may avoid blindly detecting the
bandwidth of a reduced CRS port on a new carrier type; and
when detecting timing on new carrier types, the device 12
may employ a simplified synchronization algorithm that 1s
subject to time ambiguity. Such ambiguity 1s reduced or
climinated by exploiting the information that a reference
signal “X” 1s recerved within a range “Y” of a reference
timing that 1s known from another reference signal on a quasi
co-located port. The range Y 1s smaller than the ambiguity 1n
the timing estimation for reference signal X.

Additionally, embodiments of the teachings herein may be
applied similarly to other reference signal types. See FIG. 9,
for example, which 1llustrates a Physical Dedicated Control
Channel or PDCCH, as used in LTE. One sees that the
PDCCH 1s transmitted 1n an 1nitial control region portion of
an LTE subirame, where individual PDCCHs comprise one
Control Channel Element or CCE, each comprising nine
Resource Element Groups or REGs. FIGS. 10 and 11 1llus-
trate an enhanced PDCCH, or ePDCCH, which 1s transmaitted
in enhanced control regions that are defined 1n what would
otherwise be portions of the data region. In particular, FI1G. 10
illustrates contiguous enhanced control regions, and FI1G. 11
illustrates non-contiguous enhanced control regions.

The enhanced control regions are used to provide control
information targeted to specific devices 12 and device-spe-
cific Demodulation Reference Symbols or DMRS are used to
enable channel estimation by the targeted devices 12, with
respect to the ePDCCH transmissions. This arrangement
allows, e.g., advantageous resource reuse. Consider FI1G. 12
which relates back to the heterogeneous network deployment
shown 1n FIG. 1. One sees the allocation of different ePD-
CCHs to different ones of the base stations 20 1n each of the
cells A, B and C.

With ePDCCH DMRS, each DMRS does not provide sui-
ficient accuracy for timing and frequency tracking. It 1s rec-
ognized herein that one possibility 1s to at least quasi co-
locate the DMRS ports at least with respect to timing and/or
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frequency, e.g., 1n terms of shift and/or Doppler spread and/or
delay spread, with respect to one or more other reference
signal ports. If ePDCCH 1s carried on a new carrier type, the
reference signal used to aid channel estimation may be PSS

and/or SSS and/or reduced CRS on the new carrier type. If 5

cPDCCH 1s transmitted on a conventional carrier, the signal
may consist of CRS and/or PSS and/or SSS on that conven-
tional carrier. A timing offset T may be indicated by the
network 10 to the 12, for use 1n tracking the correct CRS with
reduced time ambiguity and simplified implementation, 1.¢.,
without the need to resolve time ambiguities 1n time synchro-
nization with the collocated reference signal port that 1s used
to enhance estimation.

Note that although terminology from 3GPP LTE has been
used 1n this disclosure to exemplity the embodiments, this
should not be seen as limiting the scope of the invention to
only the aforementioned system. Other wireless systems,
including WCDMA, WiMax, UMB and GSM, may also ben-
efit from exploiting the 1deas described herein. Further, modi-
fications and other embodiments of the disclosed imnvention(s)
will come to mind to one skilled in the art having the benefit
of the teachings presented in the foregoing descriptions and
the associated drawings. Therefore, 1t 1s to be understood that
the invention(s) 1s/are not to be limited to the specific embodi-
ments disclosed and that modifications and other embodi-
ments are intended to be included within the scope of this
disclosure. Although specific terms may be employed herein,
they are used 1n a generic and descriptive sense only and not
for purposes of limitation.

What 1s claimed 1s:

1. A method of reference signal reception 1 a wireless
device configured for operation 1n a wireless communication
network, the method comprising:

receiving a first reference signal that 1s transmitted by the

wireless communication network from a {first antenna
port;
receiving assistance information from the wireless com-
munication network that indicates a received timing or
frequency offset of a second reference signal relative to
the first reference signal, wherein the second reference
signal 1s transmitted by the wireless communication net-
work from a second antenna port that 1s quasi co-located
with the first antenna port with respect to timing, fre-
quency, Doppler spread and/or delay spread;

configuring a recerver timing or frequency oifset at the
wireless device for reception of the second reference
signal, according to the assistance information, and

receiving the second reference signal according to the con-
figured recerver timing or frequency offset.

2. The method of claim 1, wherein the second reference
signal comprises Channel State Information Reference Sym-
bols, CSI-RS, that are transmitted from the second antenna
port.

3. The method of claim 1, wherein the first reference signal
comprises one of Cell specific Reference Symbols, CRS, a
Primary Synchronization Signal, PSS, or a Secondary Syn-
chronization Signal, SSS.

4. The method of claim 1, wherein the method includes
receiving the first reference signal on a first carrier and rece1v-
ing the second reference signal on a second carrier that 1s
different than the first carrier.

5. The method of claim 1, wherein the assistance informa-
tion includes a timing range value or a frequency range value,
and wherein configuring the recerver timing or frequency
olffset at the wireless device according to the assistance infor-
mation comprises using the timing range value and delay
spread of the first reference signal to dimension a search
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window for detection of the second reference signal, around
the recerved timing of first reference signal, or using the
frequency range value and Doppler spread of the first refer-
ence signal to dimension frequency detection of the second
reference signal, around the received frequency of first refer-
ence signal.

6. The method of claim 1, wherein the assistance informa-
tion indicates one or more of:

the received timing of the second reference signal 1n terms

of at least one of the following: the first significant
channel tap associated with the second reference signal,
the number of significant channel taps associated with
the second reference signal; and

a Irequency shiit relating to the midpoint of the Doppler

spectrum for the first and second reference signals.

7. The method of claim 1, wherein the second reference
signal comprises Channel State Information Reference Sym-
bols, CSI-RS, and wherein the method further includes
receiving an indication that the CSI-RS are transmitted on a
carrier that includes one or more of Cell specific Reference
Symbols, CRS, a Primary Synchronization Signal, PSS, and
a Secondary Synchronization Signal, SSS, and correspond-
ingly selecting at the wireless device any one or more of the
CRS, PSS and SSS as the first reference signal, for use 1n
relating the assistance information to the CSI-RS.

8. The method of claim 1, wherein the second reference
signal comprises Channel State Information Reference Sym-
bols, CSI-RS, and wherein the method further includes
receiving an indication that the CSI-RS are transmitted on a
second carrier that does not include a Primary Synchroniza-
tion Signal, PSS, or a Secondary Synchronization Signal,
SSS, or Cell specific Reference Symbols, CRS, and corre-
spondingly selecting at the wireless device a reference signal
from a first carrier that 1s aggregated with the second carrier
and 1s known or assumed by the wireless device to be syn-
chronized with the second carrier when timing and frequency
offset 1s not explicitly included 1n the recerved assistance
information.

9. A wireless device configured for operation 1n a wireless
communication network and comprising:

radio circuitry configured to transmit signals to the wire-

less communication network and to recerve signals from
the wireless communication network, including a first
reference signal transmitted by the wireless communi-
cation network from a first antenna port and a second
reference signal transmitted by the wireless communi-
cation network from a second antenna port that 1s quasi
co-located with the first antenna port; and

processing circuitry that 1s operatively associated with a

memory and with the radio circuitry, said processing

circuitry configured to:

receive assistance mformation from the wireless com-
munication network that indicates a received timing
or Irequency ofiset of the second reference signal
relative to the first reference signal with respect to
timing, Irequency, Doppler spread and/or delay
spread;

conflgure a receiver timing or frequency oifset used by
the radio circuitry for reception of the second refer-
ence signal, according to the assistance information;

and

receive the second reference signal via the radio cir-
cuitry, according to the configured recerver timing or
frequency ofiset.
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10. The wireless device of claim 9, wherein the second
reference signal comprises Channel State Information Refer-
ence Symbols, CSI-RS, that are transmitted from the second
antenna port.

11. The wireless device of claim 9, wherein the first refer-
ence signal comprises one of Cell specific Reference Sym-
bols, CRS, a Primary Synchronization Signal, PSS, or a Sec-
ondary Synchronization Signal, SSS.

12. The wireless device of claim 9, wherein the wireless
device 1s configured to receive the first reference signal on a
first carrier and receive the second reference signal on a
second carrier that 1s different than the first carrier.

13. The wireless device of claim 9, wherein the assistance
information includes a timing range value or a frequency
range value, and wherein the processing circuitry 1s config-
ured to configure the recerver timing or frequency oifset at the
wireless device according to the assistance information by
using the timing range value and delay spread of the first
reference signal to dimension a search window for detection
of the second reference signal, around the recerved timing of
first reference signal, or by using the frequency range value
and the Doppler spread of the first reference signal for dimen-
sion frequency detection of the second reference signal,
around the received frequency of the first reference signal.

14. The wireless device of claim 9, wherein the assistance
information indicates one or more of the following:

the recerved timing of the second reference signal in terms

of at least one of the following: the first significant
channel tap associated with the second reference signal,
and the number of significant channel taps associated
with the second reference signal; and

a frequency shiit relating to the midpoint of the Doppler

spectrum for the first and second reference signals.

15. The wireless device of claim 9, wherein the second
reference signal comprises Channel State Information Refer-
ence Symbols, CSI-RS, and wherein the processing circuitry
1s configured to recerve an indication that the CSI-RS are
transmitted on a carrier that includes one or more of Cell
specific Reference Symbols, CRS, a Primary Synchroniza-
tion Signal, PSS, and a Secondary Synchromization Signal,
SSS, and correspondingly select at the wireless device any
one or more of the CRS, PSS and SSS as the first reference
signal, for use 1n relating the assistance iformation to the
CSI-RS.

16. The wireless device of claim 9, wherein the second
reference signal comprises Channel State Information Retfer-
ence Symbols, CSI-RS, and wherein the processing circuitry
1s configured to receive an indication that the CSI-RS are
transmitted on a second carrier that does not include a Pri-
mary Synchronization Signal, PSS, or a Secondary Synchro-
nization Signal, SSS, and correspondingly select at the wire-
less device a reference signal from a first carrier that is
aggregated with the second carrier and 1s known or assumed
by the wireless device to be synchronized with the second
carrier when timing and frequency oflset 1s not explicitly
included 1n the received assistance information.

17. A network node configured for operation 1n a wireless
communication network and comprising:

radio circuitry configured for sending signals to a wireless

device and recerving signals from the wireless device;
and

processing circuitry operatively associated with the radio

circuitry and configured to:

determine a recerved timing or frequency oifset relating
a second reference signal to a first reference signal,
wherein the first reference signal 1s transmitted from a
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first antenna port in the wireless communication net-
work and the second reference signal 1s transmitted
from a second antenna port in the wireless communi-
cation network that 1s quasi co-located with the first
antenna port;

generate assistance iformation indicating the recerved
timing or frequency offset; and

transmit the assistance information to the wireless
device, thereby enabling the wireless device to con-
figure a receiver timing or frequency ollset used by
the wireless device for reception of the second refer-
ence signal, according to the assistance iformation.

18. The network node of claim 17, wherein the second
reference signal comprises Channel State Information Refer-
ence Symbols, CSI-RS, and wherein the processing circuitry
1s configured to transmit via the radio circuitry an indication
when the CSI-RS are transmitted on a carrier that includes
one or more of Cell specific Reference Symbols, CRS, a
Primary Synchronization Signal, PSS, and a Secondary Syn-
chronization Signal, SSS.

19. The network node of claim 17, wherein the second
reference signal comprises Channel State Information Refer-
ence Symbols, CSI-RS, and wherein the processing circuitry
1s configured to transmit via the radio circuitry an indication
when the CSI-RS are transmitted on a second carrier that does
not mclude a Primary Synchronization Signal, PSS, or a
Secondary Synchronization Signal, SSS, but where the sec-
ond carrier 1s aggregated and synchronized with a first carrier
that 1s used for transmaission of the first reference signal.

20. A method of facilitating reference signal reception by a
wireless device operating 1n a wireless communication net-
work, said method performed by a network node in the wire-
less communication network and comprising:

determining a recerved timing or frequency offset relating

a second reference signal to a first reference signal,
wherein the first reference signal 1s transmitted from a
first antenna port in the wireless communication net-
work and the second reference signal 1s transmitted from
a second antenna port 1n the wireless communication
network that i1s quasi co-located with the first antenna
port,

generating assistance information ndicating the received

timing or frequency oilset for the second reference sig-
nal; and

transmitting the assistance information to the wireless

device, thereby enabling the wireless device to configure
areceiver timing or frequency offset used by the wireless
device for reception of the second reference signal,
according to the assistance information.

21. The method of claim 20, wherein the second reference
signal comprises Channel State Information Reference Sym-
bols, CSI-RS, and wherein the method further includes trans-
mitting an indication when the CSI-RS are transmitted on a
carrier that includes one or more of Cell specific Reference
Symbols, CRS, a Primary Synchronization Signal, PSS, and
a Secondary Synchronization Signal, SSS.

22. The method of claim 20, wherein the second reference
signal comprises Channel State Information Reference Sym-
bols, CSI-RS, and wherein the method further includes trans-
mitting an indication when the CSI-RS are transmitted on a
second carrier that does not include a Primary Synchroniza-
tion Signal, PSS, or a Secondary Synchronization Signal,
SSS, but where the second carrier 1s aggregated and synchro-
nized with a first carrier that 1s used for transmission of the
first reference signal.
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